Objectives: Bone metastases (BM) and skeletal-related events (SREs) are frequent complications in patients with lung cancer. Whereas in non-small-cell lung cancer (NSCLC) incidence, prognostic impact, and risk factors are well established, there is only little knowledge in patients with small cell lung cancer (SCLC). We retrospectively evaluated the incidence of BM, SRE and their treatment in a SCLC patient cohort treated at our hospital. We further assessed the role of Lactate Dehydrogenase (LDH), a possible predictor of BM development in SCLC patients.
Introduction
Small-cell lung cancer (SCLC) accounts for about 15-20% of all lung cancers and has a dismal prognosis [1] . According to the Veteran`s Administration Lung Cancer Study Group in the United States [2] SCLC is traditionally classified into two stages, depending on the extent of disease: Limited disease (LD) and extensive disease (ED). In LD, diagnosed in about 30% of patients with SCLC, cancer affects one hemithorax plus regional lymph nodes. 70% of SCLC patients are however diagnosed with ED, where the tumor extends beyond boundaries of a single radiation field.
Distant metastases involve mainly brain, liver and bone [3] .
Bone metastases (BM) are painful and often associated with complications, so-called skeletal-related events (SREs), defined as pathologic fracture, spinal cord compression, the need of radiotherapy or surgery to the bone and hypercalcemia of malignancy (HCM) [4] [5] [6] . The development of SREs inversely correlates with quality of life in affected patients. Therefore, prevention strategies and early treatment are currently state of
Ivyspring
International Publisher the art in the palliative treatment concept of BM [7, 8] .
Antiresorptive drugs (e.g. the intravenous bisphosphonates zoledronic acid (ZA), bondronate and pamidronate) reduce SREs in solid cancer patients with BM, including lung cancer [6, [9] [10] [11] . Moreover, it has been shown that bisphosphonates can provide pain relief for BM independent of SREs and cancer type [12] . More recently, the fully human anti-RANKL monoclonal antibody denosumab was shown to be non-inferior to ZA in the prevention of SREs in solid cancers as well as multiple myeloma [4, 13, 14] and therefore became an alternative to ZA use. Furthermore, in an exploratory analysis, denosumab was associated with improved overall survival compared with ZA, in patients with metastatic lung cancer [15] . This concept is currently investigated in a prospectively randomized trial (SPLENDOUR; NCT02129699). International guidelines published by the American Society of Clinical Oncology (ASCO) and the European Society of Medical Oncology (ESMO) recommend the immediate start of either a bisphosphonate or denosumab as soon as BM have been identified, to reduce SREs as well as occurrence or aggravation of pain [16, 17] .
While there are some data on incidence and outcome of BM and SREs in NSCLC [18, 19] , data on incidence, outcome and treatment patterns of BM and SREs in SCLC are scarce and controversial. A recently published large retrospective register-based study from Denmark reported a BM incidence of 16.7% in 5900 SCLC patients [19] . More than 50% of patients presenting with BM suffered from an SRE over time. BM predicted a poor prognosis, while prognosis for patients with BM plus SRE was even worse. This study did not report on the role of antiresorptive drugs in this patient population. A small but prospective analysis from Japan revealed a much higher BM incidence rate of 40% and a dramatically lower SRE incidence rate of 9% in patients with ED-SCLC [20] . In this trial, BM incidence was similar to stage IV NSCLC patients (n=124, 47% BM) reported in the same analysis. Interestingly, the authors reported a high discrepancy in the therapeutic use of ZA between ED-SCLC and stage IV NSCLC (7% vs. 40%). Moreover, this study suggested LDH, known as a prognostic factor in LD and ED-SCLC [21] , as an independent predictor for BM development in SCLC patients.
Based on these data we initiated our retrospective study aiming at (1) describing the incidence of BM and SREs in SCLC in a Swiss patient cohort and (2) exploring treatment algorithm of SCLC patients with BM and SREs and (3) evaluating the clinical relevance of LDH as a predictor of BM in this patient population.
Materials and Methods

Study design
This is a retrospective observational study based on a cohort of consecutive patients selected by the histopathological diagnosis of SCLC at our hospital over a 10-year period. The study was approved by the responsible local Ethical committee (Ethikkommission Nordwest-und Zentralschweiz (EKNZ)). The last follow up was performed in October 2015.
Criteria of database generation and follow-up schedule
The detailed process of database setup and collection has been reported previously [22] . Patient characteristics, treatment delivery, response, outcome, toxicity and established prognostic parameters were evaluated by record review. The review followed each patient from first diagnosis until death or until data cut off (31 Oct. 2015). Patients who were lost to follow-up were excluded from the final analysis.
BM was defined as any suspicious lesion described in the general tumor assessment using computed tomography (CT), radionuclide bone scan, integrated positron emission tomography (PET)-CT or magnetic resonance imaging (MRI).
SRE was defined as any of the following: Pathologic fracture, spinal cord compression, radiation or surgery to the bone and/or HCM. Fractures were identified by the radiological report of the routine assessment. Hypercalcemia was defined as an albumin corrected serum calcium above 2.65 mmol/l.
Statistical analyses
Statistical analyses were performed using the Excel software program (version 2010). Analyses were performed for the entire patient cohort and percentages and descriptive statistics were used to summarize the data. To evaluate the role of LDH as a BM predicting factor, univariate logistic regression analysis was done. LDH was categorized in LDH ≤300/ >300 U/l, as well as in LDH ≤1000/ >1000 U/l. We used this cut off based on the publications by Hermes and Katakami et al. [20, 21] . SPSS statistical software version 22 (IBM Corporation, New York, USA) was used.
Results
Patients
92 patients with histologically confirmed SCLC either limited (LD) (24%) or extensive disease (ED) (76%) were identified between January 2000 and December 2010 at our institution. As listed in Table 1 , the median age of the patient population was 62.7 (range 39.7-81.9) years. There was a male predominance (67%). The ECOG performance status (PS) was 0-1 in 83% of patients. In the whole cohort, the median OS was 10.3 months (range 2.3-20.5). At the time of data cut off 83 patients were deceased and three patients were still alive. Six patients were lost to follow-up and were therefore not included in outcome analyses. At first diagnosis, 37% of all ED-SCLC patients presented with BM, while 8.7% presented with a SRE. 
Treatment algorithm
All patients with LD-SCLC received chemotherapy with or without radiotherapy as initial treatment. In patients with ED-SCLC 98.6% received palliative chemotherapy. The majority of patients were treated with platinum and etoposide as first-line therapy. Overall, 19.6% received a bone targeted therapy with a bisphosphonate, either ZA (92%) or bondronate (8%). Denosumab was not licensed at the time of trial conduct. In LD-SCLC one patient was treated with ZA due to severe osteoporosis. In ED-SCLC only 50% (17/34) of patients received a bisphosphonate at first occurrence of BM.
Incidence of BM in LD and ED
We analyzed the incidence of BM in both LDand ED-SCLC patients (Figure 1 ). In LD-SCLC patients, 5 out of 22 (23%) patients developed BM at the time of first relapse. At second recurrence, 33% (3 patients of 9) showed stable BM and 67% new or progressive lesions. At third recurrence, BM were stable in 1 patient and 1 patient showed new BM. The median time to occurrence of BM in LD-SCLC patients was 14.8 months (range) ( Figure 1A ). In ED-SCLC patients, 48% (34 patients of 70) presented with BM at first diagnosis. At first recurrence, there were 25% (12 patients of 48) with no, 17% with new and 58% with stable BM. With regard to the 34 patients initially diagnosed with bone metastases, 82% (28 patients) showed stable disease in the bone at time of first recurrence. At second recurrence, 82% (9 of 11 patients) presented with stable and 18% (2 patients) with new BM. At third recurrence, 60% showed stable bone disease and 40% were diagnosed with new BM. Overall, in ED-SCLC the median time to BM development was 0.9 months (range) ( Figure  1B) . 
Type and incidence of SRE in SCLC
At baseline, SREs were documented in 8 patients (8.7%). Total number of patients developing SRE at first, second or third recurrence was 8 (10.3%), 3 (15%) and 1 (16.6%), respectively. Overall, SRE occurred in 20 patients (18.4%). 18 of 20 (90%) SREs occurred in patients with known BM. The most frequent type of SRE was radiation to the bone with 10.9% (10 of 92 patients) (4.8% at baseline (4 of 92), 7.1% (5 of 78) at first recurrence and 5% (1 of 20) at second recurrence, respectively) ( Table 2 and 4) . Pathologic fracture, surgery to bone, spinal cord compression and HCM were rare events (overall 10.9%, 10 patients total) ( Table 2 and 4) . At baseline, 6 out of 8 (75%) patients with SRE received a bisphosphonate. Antiresorptive therapy was initiated in 100% of patients presenting a SRE at first, second and third recurrence (Table 2) . Overall, 90% of patients presenting SREs received bisphosphonates (ZA only).
LDH as a predictive factor for BM in SCLC patients
We further analyzed the role of LDH in predicting BM in our patient cohort. We performed univariate logistic regression analysis in 85 patients. At baseline, LDH levels ranged from 105 to 4838 U/l with a median level of 435.8 U/l. We detected elevated LDH levels (LDH > 225 U/l) in 44% of all patients. LDH levels ≥ 300 U/l (OR 3.75 (1.46; 9.63), p=0.06) and ≥ 1000 U/l (OR 5.63 (1.02; 31.07), p=0.05), as well as age ≥75 years (OR 0.27 (0.10; 0.72), p=0.009) predicted occurrence of BM in LD-SCLC and ED-SCLC (Table 3) . 
Discussion
This is one of the first and most comprehensive reports on incidence rate and treatment strategies of BM and SRE in a Caucasian SCLC patient cohort. Overall, there was a 36.9% incidence of BM. Half of BM diagnosis occurred at first disease presentation (48.6%). In a recently published Japanese prospective trial, the incidence of BM in SCLC was reported to be 40.4%. In a recent publication from Denmark, the BM incidence was substantially lower (16.7%). Results of the three studies on BM and SRE in SCLC are summarized in Table 4 . All three trials reported the years between 1999-2010 were denosumab was not yet available in the treatment of BM. Age and sex distributions were comparable reflecting that SCLC is mainly present in older patients (median age: 68 (Danish), 68 (Japanese) and 62 (Swiss) years, respectively), men (male patients 57%, 70%, 62%, respectively). There are various reasons for a different BM incidence. The Danish study encounters a large patient population (n=5900). The much smaller two other studies might reflect less robust data. Nevertheless, evaluations occurred with different methodology (cumulative incidence analysis versus descriptive statistics). Variability of BM incidences has also been described in NSCLC. According to several trials published in the 1990s, the mean incidence of BM in NSCLC is 20% [23, 24] while more recent publications describe a higher incidence of 30% [25] . This might be due to the use of new imaging modalities, e.g. PET/CT and MRI scans with a higher BM detection rate [26, 27] . While there is no description on how BM have been evaluated in the Danish population, Swiss and Japanese trials both reported BM evaluation by either CT, PET/CT and/or MRI scans during regular disease staging. It is only speculative, if PET/CT might have been less accessible by the time of study in Denmark [28] and therefore could reflect a lower BM detection rate in SCLC patients.
In LD SCLC, we observed a median time to develop BM from first diagnosis of 14.8 months, compared to 19 months in the Japanese cohort. The overall BM incidence in the larger cohort from Denmark was 5.1%/year. Based on this data, we strongly suggest screening for BM during the follow up of LD-SCLC patients after the initial treatment period.
The overall and baseline incidence of SREs in our patient cohort was 18.4% and 8.7%, respectively. The results are similar to the Japanese and Danish cohorts (overall incidence 18.2% and 14.8% respectively) ( Table 4 ). Compared to the Danish population, where 50% of all BM patients presented a SRE, our Swiss population showed a higher SREs incidence of 90% in BM patients. Current recommendations strongly suggest the use of either bisphosphonates or denosumab in patients with BM to prevent SREs. The higher incidence of SREs in SCLC patients with BM in our retrospective study might reflect the "real world" complexity of these patients who, first, might not be able to receive efficient bone-targeted therapy, due to poor performance status (62% PS 1-≥3 in our Swiss population). Second, patients might present a rapid clinical deterioration despite chemotherapeutic treatment, while waiting for a dental treatment before start of an antiresorptive drug. Finally, bisphosphonates might be less effective in preventing SREs in SCLC patients as compared to patients with other malignant diseases (e.g. breast or prostate cancer). Nevertheless, current evidence supports an early start of antiresorptive drugs to prevent SREs in patients with BM as the main role of bone-targeted therapies lays in primary prevention of SRE [6, [9] [10] [11] .
Our study showed that the most common SRE was radiation therapy to bone, followed by HCM, pathologic fractures, surgery to the bone and spinal cord compression. Taking NSCLC and SCLC data together, radiotherapy to the bone reflects the most common SRE, whereas the frequency of surgery to the bone seems to be higher in Western countries compared to Japan [19, 25, 29] . Both, the presence of BM as well as elevated serum LDH have been shown to be independent prognostic factors for SCLC survival outcome. The role of LDH as a predicting factor of BM occurrence in patients with SCLC has been suggested in one trial [20] . We confirmed this observation in our patient cohort and propose to assess the role of LDH in predicting BM in SCLC prospectively. Age was another predictor for BM in our SCLC cohort. As age is often associated with comorbidities, there is a tendency for less intensive treatment in older patients, a possible explanation for our finding [1] . Nevertheless, we suggest screening elderly patients suffering from SCLC for BM, especially in the palliative setting, as prevention of SREs and pain reduction are of great importance.
Conclusions
The incidence of BM in our retrospective SCLC cohort of 92 patients was 36.9%. Overall, 18.4% suffered a SRE. Only 19.6% of patients with BM received a bone-targeted treatment at baseline. The early use of bone-targeted treatments in SCLC patients presenting with BM to prevent SRE should be acknowledged. In SCLC patients, elevated serum LDH levels at baseline are a predictive factor for the development of BM. Based on these data we plan a prospective trial assessing the role of denosumab in preventing BM and SRE in SCLC patients with elevated LDH.
